Abstract-Educational videogames are a very effective tool in the learning process, especially for the current generation, known as the digital natives generation. Many studies have shown their benefits in different fields, using computers and mobile devices, among others. Nevertheless, we have not found in the literature any comparative research between these two platforms. Is one of the platforms more effective than the other to improve the learning process with videogames? In this paper we present the research results by using "The courtesy of Spain", a videogame created to teach its namesake classical theater play's plot by the Spanish playwright Lope de Vega. The videogame was designed to be played in a same way on computers and mobile devices. A quasi-experiment was carried out with control group and experimental group. 141 students between 9 and 11 years old from a school in the Autonomous Community of Madrid (Spain), with no previous knowledge of the play participated in the experiment. The experimental group played on a tablet, while the control group played on a computer. The researchers' first impressions were that the best results would be on tablets due to their ease of use and their great reception among young people. However, the results show statistically significant differences in favor of the computer. They reveal that: 1) the device on which an educational videogame is played is important for its effectiveness and 2) perhaps, in the field of educational videogames, the urgency of replacing the devices that is patent in the industry is not backed up by a greater effectiveness of them.
I. INTRODUCTION
There are numerous studies which scientifically shown that videogames are beneficial in many aspects. They can help to improve diverse users' abilities [1] : such as their multitasking abilities [2] , helping people with development disorders [3] or elderly age people [3] , among many others.
It is clear that videogames are not only related to leisure time, but they are also used as a learning tool. In an educational world in which prevail the use of paper and pen, a videogame well developed and focused on the teaching is an effective learning tool [4] , [5] . Many studies have also shown the effectiveness of videogames in a multitude of teaching fields, such as in mathematics [6] , [7] , in information technology [8] , in social sciences [9] , in geography [10] , in languages [11] or even in literature and classic theater [12] . Moreover, these are not just tools that serve for teaching, different researchers show that educative videogames could be a very effective tool to raise students' interest in the learning process [8] , [13] and their motivation to learn [5] , [14] - [16] .
Little by little, there are progressively more schools that are introducing the use of educational videogames in their classrooms [17] . However, one of the factors to keep in mind is the type of devices to play those educational videogames. Most of the schools have a class with computers, but, there are also some schools, albeit many fewer, that are introducing the tablets in their classrooms.
From the social point of view, it is clear that the use of mobile devices is increasing [18] and it is becoming more common that young people own mobile phones or other similar devices [19] . These young people, who have been adapted to the new technologies since the beginning of their lives, are known as digital natives; are characterized by an innate ability to learn and manipulate new technologies, because they were born in a society in which their usage is spreading, as opposed to the denominated digital immigrants [20] .
Mobile devices had got a great welcome and it is common to find houses with several of them [21] . These devices offer a different kind of interaction to the user [22] . Because of this, many studies have delved around the effectiveness of these devices as a learning tool in the classroom [17] , [23] - [25] .
On the other hand, there are computers that have considerably improved over the years and have been used in the majority of recent studies to prove the effectivenes of videogames in education [26] - [28] . But, the way of interacting with these devices has been mantained with no change over the years.
It is important to know, due to the great invasion of mobile devices in society, what platforms are more suitable for learning with videogames. Or whether it has real importance the platform where it is played. In fact, some studies maintain that the devices used could play an important role in the teaching process [29] , [30] .
Currently, authors do not have evidences of any comparative research in the efficiency of educational videogames among mobile devices and classical computers. This is the main reason for developing this experiment, explained in this paper, aiming to study which device is best adapted for digital natives for a specific videogame.
It is clear the difference among the interaction between a mobile device, with a touch screen, compared to a conventional computer and the classical pointer. For this reason, it was chosen the interaction system Point & Click for "The courtesy of Spain" videogame, a system that works perfectly on both, computers and mobile devices.
This videogame was designed and developed specifically for our research and it aims to teach its namesake classical theater play's plot by the Spanish playwright Lope de Vega. It is an adventure game created in collaboration of the Spanish Classical Theater National Company (CNTC) and it was based on the staging represented in the Matadero Theater in Madrid during 2014.
The use of educational videogames in the theater field is nothing new. In the research Manero et al. [12] , it is proven that games work better among youngsters as motivators for going to the theater than the habitual teacher (traditional teaching).
Our experiment took place in a school in the Madrid Autonomous Community during the month of December in 2015, in which students played the videogame either on computers or on tablets. Furthermore, students answered a pretest and a post-test. This paper has been structured in the following way. Section II describes about the videogame development process, a tool created to obtain the data needed for the study. Section III describes the corresponding methodology to the experiment carried out. Section IV shows the experiment's results; Section V, the discussion; Section VI identifies the limitations of the study; and, finally the Section VII details the conclusions and future work.
II. GAME AND RESEARCH QUESTION "The Courtesy of Spain" is an adventure videogame based on its namesake theater play by the Spanish playwright Lope de Vega (see Figure 1 ). Adventure games, since they are story-driven, are the most similar to a theatrical play. Becoming a character in a fictional world can be both pleasurable and a learning experience [31] . Furthermore, the classical dramatic structure fits perfectly within an adventure game. According to Fernandez-Vara [31] , these games are designed to "restore behaviors" in a performative sense. The pleasure of restoring specific behaviors in adventure games resides in discovering what the behavior is by finding the solutions to the puzzles. It is like being an actor in a play that one does not have the script for and the script is discovered by trial and error, exploring the world and seeing what works. An adventure game helps the player to restore behavior by giving pointers and information. The design of the space and the player-character are two of the main devices that help the player to figure out what to do [32] .
The user's interaction with the game is based on the Point & Click system, which has already proven itself in educational videogames [32] , [33] . Additionally, the player must interact with the environment's characters, who speak and communicate with the player at all times.
The game was based on the theatrical production on the play by Spanish Classical Theater National Company (CNTC) in 2014. The development team's members took part in several of the company's rehearsals, and collaborated with the company's director to move the play's essence into the game. Every set and character in the videogame is based on this production. Furthermore, the characters were given voices that were recorded in a studio and interpreted by several people, including the developers. In addition to giving the characters personality with these voices, the game features music specifically selected for each scene based on the music that appears in the real play. With this, we achieve a more immersive experience for the players.
The game's protagonist is Don Juan de Silva, who, accompanied by his loyal squire, returns to Spain after a failed attempt to find wealth in the Dutch War of Independence, in which Spanish army was defeated. The player must bring Don Juan back home, but must face obstacles and take multiple decisions to do so.
One of the most difficult challenges of turning a theatrical play into a videogame is the change in narrative. A traditional theatrical play has a linear timeline, while a videogame must have a non-linear timeline in order for the player to make decisions that alter the storyline of the game. This means that we have to find a middle ground between providing the player with more agency with choices that alter the storyline or restrict what the player can do to remain within the original play's storyline.
Figure 2 -Courtesy and money in the game
The original play is akin to some American war films, a form of positive propaganda of the American military. In the play, Spanish knights are depicted as courteous individuals capable of facing fear or even death. For this reason, we chose to make courtesy the main theme of the game. This implies a link between the initial plot and a playability element that allows the player to be evaluated based on their actions. In addition to courtesy, another theme was added: money. Requiring the player to value items differently (see Figure 2 ). Courtesy as well as money directly affect the storyline, opening the possibility of different endings.
Three mini-games were added to the original plot to achieve more engagement from the target audience. In the first one, the player must dodge objects thrown by the villain we are chasing (see Figure 3 ). In the second, the player must find the origin of some unsettling noises that wake him up in the middle of the night. Finally, the third mini-game is a pistol duel where the player must charge and shoot before the rival shoots him In a similar fashion, multiple story passages were included that reach different endings to encourage the player to play another round. The plot changes based on the player's choices, which also determine what mini-games the player will play. The aforementioned themes (money and courtesy) are of vital importance to the ending. The game was developed using Unity's 3D engine, enabling the game to be exported across different platforms. The Dialog Manager, 3rd party software, was also used to manage the characters' dialogs as well as their voices.
The game was designed to be played in the same manner regardless of the device. Testing was carried out in order to ensure this behavior by users and experts. The test involved getting multiple volunteers together to test the videogame on different platforms. At the end of the test, the volunteers were interviewed and a form was distributed to them to maximize the information gathered. Improvements were implemented using the information gathered from the tests and the experts ensured that the game's design is appropriate to be played on both devices.
The main objective of this study was to compare the efficiency of videogames on conventional platforms (computers) and mobile devices (tablets).
Therefore, the main research question is:
RQ1: Are tablets more apt as a learning tool for educational videogames in comparison to computers?
The school where the experiment was carried out, provided us with the students' grades that participated in the experiment. Therefore, in addition to this research question, we also researched whether the students' grades could influence the effectiveness of the game in different devices.
This, however, was not added as a research question owing to the fact that it wasn't one of the starting hypotheses of the experiment.
III. METHODOLOGY
Below, the steps followed to carry out the experiment and its features are explained.
A. Participants
The experiment was carried out with 154 participants, students from the school Benito Pérez Galdós in Madrid. The participants' age range from 9 to 12 years old. 55.2% of the students were boys, while the remaining 44.8% were girls. In terms of gender and age, the sample is representative in the student population in the Autonomous Community of Madrid (Spain) [34] .
From the total of 154 participants in the experiment, the results obtained from the 12-year-old students were rejected due to they were not part of the target audience for which the videogame was developed. After rejecting these 9 students, the total number of participants was 145.
One of the first steps, previous to the experiment, was getting in touch with the school in order to know whether the students knew the play's plot, since it was represented in Madrid during 2014, and, because of the scholar excursions, the school might have taken the students there to see the performance. The school management confirmed that their students did not know of the play. Nonetheless, and to avoid bias in the experiment, it was asked, in the initial questionnaire, whether they knew of it. The 97.2% of participant showed not knowing the plot before the experiment. 4 participants of the 145 knew it in advance, so that, the purpose of this experiment is measure how much they (can) learn, the ones who knew it in advance were rejected. For this reason, the final number was 141 useful individuals for the research.
As was mentioned in the introduction of this paper, there are more and more mobile devices at home, and it is typical to find at least one of them in every house. In the case of this experiment, the 99.4% of participants have any tablet or mobile device at home, so they are used to using them and the experiment did not present any technological challenge to them.
B. Experimental design
The experiment has a quasi-experimental design (see Figure 4 ) which consists of three phases:
• Pre-test (5 mins). The participants should fill in a previous questionnaire, before knowing the group in which they were going to be. This helped to avoid the increased effect of motivation for those who have to change the class. In this survey, students filled in the code in order to be anonymous, and to be able to pair up the pre-test, with the videogame, and with the posttest. Furthermore, they completed data like gender and age, and they answered whether they knew in advance "The Courtesy of Spain" play.
• Experience (40 mins). Students were randomly divided into two groups. It was attempted that the distribution was the most homogeneous possible in terms of gender, and the number of participants in the computer room was the same as in the classroom.
Experimental group (Tablet).
They stayed in the classroom. Everyone recieved a Tablet with the videogame previously installed. The devices were 10.1 inches Samsung Galaxy Tabs.
Control group (Computer).
They went to the computer room where the videogame was installed in every computer. The computers were 15.6 inch Toshiba laptops.
The game is designed to be finished in a class time, it means, over 40 minutes. Besides each student was given some headphones, both tablet and computer, in order to have the most concentration possible getting major immersion in the videogame through the dialogues and the background music.
• Post-test (5 mins). Once the first round finished, participants filled in a second questionnaire that measure what they know about the play's plot. If, for some reason, any participant, ten minutes before finishing the time of the experiment did not have finish the round, this one would be taken as finished and the post-test would be given to fill in. During the experiment it was not necessary to do this in any situation because all of them finished their round with plenty of time to fill in the second questionnaire. The full description of both questionnaires is included in the Instruments section (see section III.C).
The Once they completed the questionnaire, participants could play with the videogame again until the assigned time of the experiment finished.
C. Instruments
In order to answer the research questions, two questionnaires were developed: a pre-test, in order to answer them before the educational experience, and a post-test, which would be completed at the end. The first part of the pre-test asked for information about age and gender. Furthermore, they were asked to introduce a code, which was handed out previously by the teacher, with a sticker that students had to stick in their chests in order not to lose it, and which served to join the pre and post tests data, and in this way be able to analyze the obtained results respecting the anonymity of each participant. In the second part of the pre-test it is asked, on the one hand, whether they know the theater play's plot, and, on the other hand, what kind of devices they have at home. The reason of this last question is to know the kind of devices they are used to. Also, it asked the approximately number of hours a week they played with each device.
Instruments
In order to measure how much the students have learned about the play's plot, the post-test contains an 8 questions questionnaire. Questions are multiple-choice with 4 possible answers, of which only one is correct. The questions were designed with different difficulty levels.
IFinally, it was added as a research tool the individual grades, marked on 10 points (usual way to grade in Spain), of each student provided by the school in an anonymous way. They can be seen in a conversion table of marks in [35] . The school provided a list of marks classified using the code given to each student. The marks are joined up from 0 to 4 in the following way (see Table 3 ):
• F group. It contains the students with a mark exclusively less than 5 (onwards group F). They are the students who are known as Fail in Spain (F).
• D group. It contains the students whose marks were higher or the same as 5 and less than 6 (onwards group D). Sufficient students (D).
• C group. It contains the students with higher marks or the same as 6 and less than 7 (onwards group C). Good qualification in Spain (C).
• B group. It contains the students with higher marks or the same as 7 and less than 9 (onwards group B). Very Good students (B).
• A group. The students with higher marks or the same as 9 (onwards group A). Excellent students (A).
IV. RESULTS In this section we proceed to analyze data collected during the experiment

A. Comparing effectiveness of games by device
As initial analysis, and seeking to answer question RQ1, TStudent test is performed for independent samples, since the groups are as well. The study was carried out by using the device used in the experiment (Tablet/Computer) as the independent variable, and the sum of the right answers about the knowledge of the play, performed in the post-test as a dependent variable (Knowledge about the Plot, from now on KP). Therefore, the variable KP is measured on a scale of 0 (no right answers) to 8.
Before performing T-Student, the homogeneity of the variances of the two study groups was tested using Levene's test. In our case, it cannot be assumed that the variance of the groups are homogeneous (F = 6.194, p = .014).
Taking the above into account to interpret the results, it can be concluded that there is a statistical significance (T = 2.079, GL = 132.179, p = .038) regarding the choice of devices to used in classrooms. (See table 4 Therefore, this analysis has shown statistically significant differences in favor of computers. This proves that the game was more efficient in teaching the play's plot for those students who played it on computers.
B. Effectiveness of videogames depending on students' grades and device used
With the results obtained in the previous section, and in addition to them, a study on how the device affects the efficiency of our videogame was performed, grouping the students according to their grades (See section III). Analyzing data produced by this study (See table 7), groups with opposing tendencies can be observed. As shown in table 1, the group who played with tablets (EG) has a higher average in groups A and F (see Figure 5 ). On the other hand, results in groups D, C and B are consistent with the study performed in the previous section (see Section IV.A), computers higher average than tablets. Table 7 shows averages and standard deviations analyzed by groups and by grades. The uneven distribution of the population (small samples in groups A and F) made impossible to perform a reliable statistical analysis on those data.
C. Use of devices by students
The following results (see Table 6 ) were obtained by analyzing the results from pre-tests asking the participants what kind of devices they have at home and how many hours they spend playing each one of them a week: In the mobile device section, tablets and mobile phones are taken into account. Table 6 shows the average of playing hours per week of all participants.
D. Researchers' remarks
At the end of the experiment, a great deal of the students who played on a Tablet, asked about the possibility of playing another game or some other kind of entertainment, such as YouTube. However, the students who played on a PC tended to play the game again.
In general, the atmosphere was quiet, although occasionally muttering was caused by the turning points of the game. The atmosphere improved with age, improving the development of the activity.
Although earphones were distributed among the students, some decided to take them off for the sake of comfort. In addition, the researchers noted that, these students were easily distracted, talking to their friends more than the students who opted to use the earphones.
During the experiment, all the students finished their game with plenty of time to finish the second questionnaire. This suggests that the target audience was the adequate for this research.
V. DISCUSSION
The research question (RQ1) is answered in this section, and the results obtained for the videogame efficiency depending on the device and the students' grades will be also discussed.
RQ1: Does the tablet work better as a learning tool for educational videogames, improving the knowledge acquired by the players compared to a computer?
No, computers worked better. Results obtained in the results section (IV.A) showed that there are statistical differences (p<.05) between the control group (computer) and the experimental group (tablet) regarding the results obtained from the survey answers.
Descriptive statistics showed that students in the control group scored .49 higher than students in the experimental group on average (see Table 5 ) in the post-test this difference being statistically significant. The students from the CG obtained an average score of 6.32, while students from the EG obtained an average score of 5.83 (8 being the highest score). The computer, therefore, made our game's efficiency better.
On the analysis of the participants' device usage (see Table  6 ), we can observe that, as average, they devote 3 times more time a week -in spite of the big standard deviations foundplaying on a mobile device than on a computer. Initially, this led us to believe that the game would work out better in students using the Tablet (EG), although the results proved the opposite.
These unexpected results encouraged us to research further in order to establish which group of students obtained better results with which device. To that end, the grades obtained by the students (provided by the school) were also taken in consideration. Therefore, the effect of the grades on the game's efficacy was taken into consideration in both, the control group and the experimental group.
It's vital to mention that the populations division by grade range resulted in unbalanced groups regarding the sample's size (see Table 7 ). Obtaining groups formed by 5 individuals and others by 22. This demands caution when analyzing the results of this section, and leads towards a future experiment that further verifies them.
All this being said, we can first state that students belonging to groups B, C and D, follow the same pattern, having obtained the best results from the computer group (CG), compared to the ones obtained by the Tablet's (EG) group. This would lead us to conclude that for the students that are not placed at the ends, what is the majority of them, the computer obtained far better results than the Tablet. In groups B, the EG (Tablet) score an average of .8 less than the CG (computer). In C, the EG got .14 less than the CG; and in D, the EG got 1.13 less than the CG.
Nevertheless, the results obtained by students from groups F and A are completely the opposite. For these students, the Tablet obtained better results than the computer. In group F, the EG obtained an average of .33 more than the CG, while in A, the EG obtained .63 more points than the CG.
These results may lead to conclude that despite of the fact that the tablet only worked out better for the outstanding students and the failing ones, these students are the minority, and a more detailed study should be done conducted in order to obtain more tangible conclusions. However, this is out of this paper's scope.
It's also interesting to point out that the standard deviations (SD) for all grade groups are always higher in the EG (Tablet) than in the CG (Computer). It means that there's a wider variety in the game's effectiveness on the Tablet than on the Computer meaning that, the game's effectiveness is more diverse on mobile devices, with students that obtain the highest scores mixed with others that get the lowest ones within the same group. Therefore, in the computer (CG) the average scores obtained by the students within the same group are more uniform. For example, for student group D, which is the most uniform regarding the number of students (15 computers, 15 tablets), we observe that (EG) the tablet group's SD is 2.03, while for the computer group (CG) is 1.28. This difference proves that there is a wider diversity of effectiveness for the students that used the Tablet.
VI. LIMITATIONS
Some limitations were found during the process of this experiment.
Firstly, our study was conducted in a very specific context (i.e., students of age ranging from 9 to 11 years old, a videogame about theatre), making results difficult to generalize. Besides, students were exposed to instruction for a short time (40 mins), which may have prevented certain effects surface to become fully observable. It would be interesting to push this research forward using refined and fully-validated evolutions of the instruments and having longer instruction exposure times, in order to see if other significant differences arise.
The biggest limitation found might be analysis of the experiment's data taking the student's grades into consideration. The unevenness of the group's population makes the results of this part of the study inconclusive.
Finally, we would like to point out that all students were provided with headphones, since the videogame not only has music but also related dialogue; some students found the headphones to be uncomfortable and refused to use them. These students were prompt to copy their classmate's actions instead of finding the best answer by themselves. This fact could also has led to bias.
VII. CONCLUSIONS AND FUTURE WORK
This experiment proves empirically the importance of the selection of the device as a learning platform within the educational videogames field. The results proved that those students who used a computer to play the game "The Courtesy of Spain" acquired more knowledge about the play's plot than those who played it on a Tablet. Therefore, we argue that the computer was a better learning tool than the mobile device for our videogame.
Even if the tablet seemed like the most effective device at first, since students used it on a daily basis (see Table 6 ) [32] , as mentioned in the above paragraph, the results proved this hypothesis wrong. In this study, our population, in average spend 3 times more time playing with mobile devices than with the computer, despite the fact that they own both devices. Nevertheless, our results could lead us to believe that this generation (digital natives) may consider the Tablet as a leisure oriented device, while the computer is perceived as a work/learning tool. This study's results recommend, at the very least, being cautious when deciding to change platforms for educational videogames. We are aware of the quickly changing environment in this field, although we wouldn't recommend schools to focus their efforts on purchasing mobile devices as learning tools. We firmly believe in the advantage of the computer, at least at the present moment, as a stronger platform for educational videogames opposed to mobile devices.
For the future, firstly, we plan on creating a new experiment that includes a longer educational intervention so we will assess longer term results in comparison to this study's outcomes. On a second basis, it is essential to recreate this experiment on a wider population in order to research the real effects on the students' grades in the educational videogames.
